Journal of Histology & Histopathology
ISSN 2055-091X | Volume 2 | Article 3

Original							

Open Access

Effect of topical aloe vera on the process of healing
of full-thickness skin burn: a histological and
immunohistochemical study
Ahmed A.M. Abdel Hamid* and Mona FM Soliman
*Correspondence: drahmadabdelhamid@gmail.com

CrossMark
← Click for updates

Department of Histology and Cell Biology, Faculty of Medicine, Mansoura University, Egypt.

Abstract

Background: Skin burn is common universal problem that may lead to ugly scarring, serious handicapping.
Availability of natural biological treatment to improve its outcome becomes concern of many researchers.
Aim of study: To explore the effect of aloe vera on the angiogenesis process during healing of a fullthickness experimental skin burn.
Materials and methods: Seventy rats were divided into three groups; control group (A), group B and
group C. Group B was exposed to full-thickness (FT) skin burn. Group C was exposed to FT skin
burn with application of local aloe vera (AV) gel. Each of group B and C was divided into 3 subgroups
from which skin specimens were taken at 4,8,12 days. Skin specimenswere prepared for histological and
immunohistochemical study by hematoxlyin and eosin (H&E), Masson`s trichrome (MT) and alpha smooth
muscle actin (α-SMA). All data were measured morphometrically and statistically analyzed.
Results: After 4 days from inducing FT burn, the initial necrosis and inflammation gradually replaced
by increased granulation tissue (GT) on 8th and 12th day skin specimens. The collagen deposition of GT
increased progressively to make a coarse dense bundles, meanwhile the newly formed capillaries (NFC) of
GT were surrounded by pericytes that showed extensive expression of α-SMA early on 4th and till 8th day
specimens and decreased on 12th day specimens. AV-treated groups showed relative decrease of α-SMA
detection especially in 8th and 12th day specimens together with a significant decrease in the inflammatory
infiltrate in all phases as well as deposition of more mature and finer collagen fibers compared with burn
per se specimens.
Conclusion: In full-thickness skin burn, aloe vera shows a beneficial effect by reducing the inflammation
significantly and providing a more mature granulation tissue which could accelerate healing and might
produce a sound well-remodeled scar.
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Introduction

Skin burn wound injury is ranked fourth in all injuries [1]. It can
severely affect not only the skin but the whole body according
to their depth and extension [2]. Although there are advances
in its treatment the incidence of scarring remains high [3] and
the deaths are over 300,000 each year throughout the world [1].
Healing of burn wound is essentially dependent on the angiogenesis which is the mainstay in the granulation tissue formation
[4]. Apart from that they are considered as progenitor/stem cells,
pericytes are bone marrow-derived cells (BMDC) embedded
within the basement membrane of capillaries [5,6]. During the

process of angiogenesis, there is a very intimate interaction
between endothelial cells and pericytes [7,8]. Furthermore,
pericytes play a key role not only in the proliferation and migration
of the endothelium and but also in their stabilization [5]. In
addition, the transmigrated inflammatory cells interact with the
endothelial basement membrane to enter the site of injury [4].
Several natural substances had been tried to improve burn
healing; honey is claimed to delay healing in both partial- and
full-thickness burns [9]. On the other hand, topical application
of curcumin showed beneficial effects in the acceleration of
partial-thickness burns healing [10].
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Aloe vera (AV) is a cactus-like perennial succulent that belongs
to the Liliaceae Family that is usually cultivated in tropical
areas [11]. It is the one of oldest medicinal substances
that was used in wound healing [12]. AV has a potentially
significant anti-inflammatory effect, therefore it could be
used in treating: gingivitis [12-14], skin wound [15-17] and
first to second degree burns [18,19]. Topical application of
AV has been demonstrated to have a promising effect on the
wound healing process [15]. It might have greater efficacy
over silver sulfadiazine cream for treating second-degree
burns [18]. However, other study claimed that AV did not
increase burn healing [11] or even delayed the healing process
of the burn compared with silver sulfadiazine cream [20]. In
addition, it might increase production of human fibroblasts
6-8 folds faster than conventional, improve their structure
and accelerate their collagen production [21].
The aim of this study was to explore the effect of AV on the
process of healing specially angiogenesis in full thickness (FT)
skin burn and to find out whether it improves this healing or
not and the mechanism by which it acts.
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Faulty of Pharmacy. After cleaning and disinfection, the
gel was extracted by an incision in the plant leaves, which
then was exposed to heat at 50°C and filtered. Glycerin and
triethanolamine were added to achieve purity of AV gel of
95% which was administrated at a concentration of 200 mg/
kg [22,23].

Experimental design

Group A: control group contained 10 animals.
Group B: 30 animals were left to spontaneous healing. The
animals were randomly divided into three subgroups of 10
animals each. Under general anesthesia, from each subgroup
the burnt skin area was collected, at 4,8,12 days postburn.
Group C: 30 animals had topical AV gel application once daily
at a concentration of 200 mg/kg on the burnt skin. Then
animals were randomly divided into three subgroups of ten
animals each. Under general anesthesia, from each subgroup
the burnt skin area was collected at 4,8,12 days postburn.

Histological study

Specimens were taken from the burnt skin of spontaneouslyMaterial and methods
healed animals as well as from AV treated ones. Specimens
Animals
were processed for light microscopic examination and fixed
In the current study, 70 adult male albino rats weighing 180- in 10% neutral-buffered formalin. They were then processed
200 gm were provided by Animal Housing of the Mansoura for preparation of serial paraffin sections (5 μm thick). Then,
Faculty of Pharmacy. The animals were placed in standard these sections were stained with H&E and MT stains [24].
plastic cages (2 animals per cage) for 12 days under 12/12 hours
light/dark cycle with 23-25°C room temperature. All animals Immunohistochemical study
were received standard laboratory animal’s chow and water ad Sections of 3 μm-thick were cut and collected on poly-L-lysine
labitum during the whole period of experiment. The experiment coated slides for the immunohistochemical study. Then the
was performed according to the guide for the care and use of slides were left for 24 hours to dry at 37°C for ideal adhesion
laboratory animals (Institute for Laboratory Animal Research, of the specimens to the surface of the slide. Following
National Research Council, Washington, DC: National Academy deparaffinization, hydration and antigen retrieval, sections
Press, no. 85-23, revised 1996).
were cooled down to room temperature. Next, they were
incubated for 30 minutes in 1% H2O2 solution and washed in
Experimental procedure
PBS, then followed by blocking in 2% skim milk for 30 minutes.
For the experiment, animals received general anesthesia The slides were incubated with the primary antibodies at 40°C
by intramuscular injection of Ketamine hydrochloride for a night, and the next day, a peroxidase polymer-based
(Ketalar®, Parke-Davis), 85 mg/kg of body weight, and Xylazine secondary detection system (Dako, Heliopolis, Cairo, Egypt)
hydrochloride (Rompun®, Bayer), 6 mg/kg of body weight each. was used for 30 minutes for signal amplification. 3, 3’-diaThen the hair on the back of the dorsal region was removed. minobenzidine (DAB) (Dako, Egypt) was used for signal
FT skin burns were produced to each animal by using a detection and the slides were counterstained by Hematoxylin
cone-shaped, stainless steel specially-made metal instrument then coverslipped. The mouse anti-α-SMA primary anti(purchased from Hisham Medical Company, Mansoura, Egypt), bodies (Dako, Egypt) were used at dilution 1:100 for the
equipped with a control thermometer and heated to 100°C in immunohistochemical study according to the standard
a pot of boiling water for 5 seconds. Then this instrument was guidelines. They stain pericytes of blood capillaries, meanwhile
applied on the upper back of the rat to produce a FT burn of the endothelium cells do not show α-SMA positivity [25,26].
an area of about 2-3 cm2. A dry dressing was applied to the
wound of each, after inducing the burn, Daily monitoring of Morphometric study
the animals and the burned wound were done.
The sections were imaged with a microscope (Olympus, Japan)
equipped with a digital camera connected to a computer and
Aloe vera gel preparation
were randomly evaluated by two 8-year experience histologists
Plant leaves of AV were obtained from and processed in the under blindfold conditions.
Department of Pharmacognosy and Medicinal Plants, Mansoura
Qualitative assessment of the phases of healing was done
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by employing a scoring system (0–3) for each section in
various groups. This system is basically dependent on specific
selected parameters which are: the inflammatory cells, the
collagen deposition, the angiogenesis and the granulation
tissue (Table 1) [10,27,28]. The extent of collagen deposition
was qualitatively evaluated by MT stain, while the other
parameters were qualitatively assessed using H&E stained
sections.
Table 1. Histological scoring system for skin burn healing
evaluation according to the listed specific parameters.
Inflammatory cells

0

1

2

A

C

B

D

3

None

Minimal Mild Evident

Collagen deposition None

Minimal Mild Evident

Angiogenesis

None

Minimal Mild Evident

Granulation tissue

None

Minimal Mild Evident

Quantitative assessment of the neovascularization during the
healing process in the GT was carried out. Four images from
areas of maximum density of vessels(NFC) were captured
in each specimen that stained by anti-α-SMA (with an x20
objective) in each group. Then, they were digitally imported
to a professional image analyzer software (Image Pro Plus
6.0, Media Cybernetics, Bethesda, MD). Both the areas and
numbers (densities) of the neovascularization in the GT in
the specimens of each group were assessed.
The average of all values measured from images of the same
slide was used, and the results were expressed as average
vascular areas/1000 μm2, and average vessel numbers/1 mm2
respectively [7].

Statistical analysis

All statistical data analysis and graphs were carried out using
SPSS 16.0 (SPSS, Chicago, IL, USA) and Microsoft Excel 13.
Data were presented in mean±standard deviations (SD) by
using ANOVA test for dual comparisons between groups,
except the scoring system of healing which was evaluated
by Mann–Whitney U test. The differences were considered
significant when probability (P) was less than 0.05.

Results

doi: 10.7243/2055-091X-2-3

By H&E stain in the control group, the skin was formed of dermis
and epidermis. The dermis was divided into papillary layer and
reticular layer. The papillary layer contained dermal papillae,
blood vessels and loose connective tissue (CT) with fine
collagen fibers, while the reticular layer contained dense CT with
coarse collagen fibers which stained blue by MT (Figures 1A-1C).
Minimal α-SMA expression could be detected in the capillaries
of the papillary layer of the dermis (Figure 1D).
After 4 days from inducing FT burn, sections in the skin
stained by H&E stain showed coagulative necrosis involving
the whole thickness of the skin with tissue loss of the

Figure 1. Photomicrographs of thin skin sections.
(A) A section in thin skin of control group showing the
two layers of the skin; epidermis (E) and dermis (D). The
epidermis is formed of stratified squamous keratinized
epithelium (arrows) covered by a thin layer of keratin. The
dermis is formed of papillary layer containing abundant
blood vessels (arrowheads) surrounded fine collagen while
the reticular layer is formed mainly of coarse collagen (thick
arrows). (H&E, x200, Scale bar=200 μm). (B) A section in thin
skin 4 days post burn involving the whole layers of the skin
in the form of tissue loss of the epidermis and coagulation
necrosis of the dermis with infiltration of the deep dermis with
mononuclear cell infriltrate (arrowheads) extending to the
muscle layer. (H&E, x200, Scale bar=200 μm). (C) A section in
thin skin of control group showing fine collagen fibers in the
papillary layer stained light blue (arrows) while the reticular
layer (R) contains more dense collagen bundles stained deep
blue. (MT, x200, Scale bar=200 μm). (D) A section in thin skin
of control group showing negative to weak positive α-SMA
expression (arrows) in the blood capillaries in the papillary
layer (P) of the dermis. (α-SMA immunostaining, x1000, Scale
bar=50 μm).

epidermis and superficial layer of dermis fibers (Figure 1B). By
higher magnification, there were severely congested blood
vessels and marked infiltration of the dermis by significant
mononuclear inflammatory cells in the GT appeared at base
of the burnt area. This GT was formed of collagen fibers and
NFC. Fibroblasts were the predominant cells between the
collagen fibers (Figure 2A). On the other hand, in sections of 4
days skin burn treated with AV, there were less inflammatory
cells infiltrate in the GT deposited at the base of the burnt
area (Figure 2B).
After 8 and 12 days from inducing FT burn, in sections of the skin
stained by H&E stain, the GT showed porgessive significant
increase in the vascularity by appearance of more NFC toghther
with deposition of significantly more collagen rather than
inflammatory cells (Figures 2C and 2E) (Histograms 2 and 3).
On the other hand, in skin sections of 8,12 days skin burn treated
with AV, the inflammatory cells infiltrate were decreased
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A

D
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significantly in the deposited GT compared with burn per se
group (Figures 2D and 2F); (Histogram 1).
By MT stain, after 4 days of the burn, skin sections showed
collagen deposition which appeared blue in color which

Inflammatory Cells Score

B

E

Control 4d Burn 4d Burn + 8d Burn 8d Burn + 12d Burn 12d Burn +
Aloe V.
Aloe V
Aloe V

C

F

Histogram 1. Inflammatory cells score. It shows qualitative
assessment of healing taking the inflammatory cells as one
parameter of this assessment. *Significant difference between
the means of all the groups (p<0.05).

Collagen Deposition Score

Figure 2. Photomicrographs of a H&E (x400) sections.
(A) A section in thin skin 4 days post burn showing
inflitration of the deep dermis with GT contining both
collagen fibres (*) and NFC (arrowheads). Larger sized blood
vessels (V) appear congested and surrounded by mononuclear
inflammatory cells (thick arrows) together with other CT cells
mainly fibroblasts (arrows). (H&E, x400, Scale bar=100 μm).
(B) A section in thin skin 4 days post burn treated with AV
showing GT containing abundant less coarse collagen bundles
(C) with abundant CT cells specially fibroblasts (arrows) in
between. Fewer inflammatory cells (thick arrows) are seen
compared with 4-d skin burn per se group. (H&E, x400,
Scale bar=100 μm). (C): A section in thin skin 8 days post
burn showing increased number of immature NFC (arrows)
which have sometimes incomplete wall (thick arrows)
with a relatively decreased number of inflammatory cells
(arrowheads) lying between the coarse collagen bundles (C).
(H&E, x400, Scale bar=100 μm). (D) A section in thin skin 8
days post burn treated with AV showing increased number of
NFC (thick arrows) and marked decrease in the inflammatory
cells (arrowheads) lying in fine collagen fibers (arrows). (H&E,
x400, Scale bar=100 μm). (E) A section in thin skin 12 days
post burn showing increased GT formation in the form of
increased density of the numerous NFC (arrows) lying in
the abundant irregular collagen fibers (C) which enclose less
mononuclear inflammatory cells (arrowheads). (H&E, x400,
Scale bar=100 μm). (F) A section in thin skin 12 days post
burn treated with AV showing increase of the NFC (arrows)
with appearance of larger-sized blood vessels (thick arrows) in
the GT. (H&E, x400, Scale bar=100 μm).

Control 4d Burn 4d Burn + 8d Burn 8d Burn + 12d Burn 12d Burn +
Aloe V.
Aloe V
Aloe V

Histogram 2. Collagen deposition score. It shows qualitative
assessment of healing taking thecollagen deposition as one
parameter of this assessment. *Significant difference between
the means of all the groups (p<0.05).

Angiogenesis Score

Control 4d Burn 4d Burn + 8d Burn 8d Burn + 12d Burn 12d Burn +
Aloe V.
Aloe V
Aloe V

Histogram 3. Angiogenesis score. It shows qualitative
assessment of healing taking the degree of angiogenesis as one
parameter of this assessment. *Significant difference between
the means of all the groups (p<0.05).
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progressively increased on 8th and 12th day sections (Figures 3A,
3C and 3E). On the other hand, in the groups treated with AV
after 4, 8 and 12 days of the burn, skin sections showed much
fine, less dense and more well-remodeled bluish collagen fibers
compared with burn per se groups (Figures 3B, 3D and 3F);
(Histograms 2 and 4).

A

Granulation Tissue Score

D
Control

4d Burn 4d Burn + 8d Burn 8d Burn + 12d Burn 12d Burn +
Aloe V
Aloe V.
Aloe V

Histogram 4. Granulation tissue score. It shows qualitative
assessment of healing taking the granulation tissue as one
parameter of this assessment. *Significant difference between
the means of all the groups (p<0.05).

B

E

C

F

Figure 3. Photomicrographs of MT (x400) sections.
(A) A section in thin skin 4 days post burn showing coarse
thick bundles of collagen (C) stained blue. (MT, x400, Scale
bar=100 μm). (B) A section in thin skin 4 days post burn
treated with AV showing much more fine collagen bundles (C)
compared with A. (MT, x400, Scale bar=100 μm). (C) A section
in thin skin 8 days post burn showing excessive irregular dense
collagen deposition (C). (MT, x400, Scale bar=100 μm). (D) A
section in thin skin 8 days post burn treated with AV showing
finer and more regular collagen fibers (C) in the GT compared
with C. (MT, x400, Scale bar=100 μm). (E) A section in thin
skin 12 days post burn showing increased the deposition of
coarse collagen fibers (C) in the GT of the dermis. (MT, x400,
Scale bar=100 μm). (F) A section in thin skin 12 days post
burn treated with AV showing well-formed collagen deposition
(c) in the dermis. (MT, x400, Scale bar=100 μm).

appeared both in their size and shape; some of these NFC
were small in size while the other are larger. Many of the
NFC were multilayered and their lumen sometimes ranged
from obliterated to partially- to fully-lumenized NFC. This
NFC immaturity appeared on 4th and reached maximum on
8th day postburn per se then they become more mature in
both size and shape on the 12th day sections as most these
NFC were luminized with disappearance of the multilayered
wall. In addition, the endothelium lining of these NFC showed
always negative α-SMA expression in all sections(Figures 4A,
4C and 4D).
In sections of 4, 8 and 12 days skin burn treated with AV, the
α-SMA expression was less detected and moderate in intensity
compared with burn per se groups, then this expression
decreased progressively on the 8th day till it became minimally
detected in most of the pericytes on the 12th day postburn
(Figure 4B). Moreover, in sections of 8 and 12 days skin burn
treated with AV, NFC size as well as lumen was relatively
more uniform, reflecting more mature NFC compared with
burn per se groups (Figures 4B, 4E and 4F). In addition, there
was a significant increase in vascular numbers (densities) as
well as areas on 4th, 8th and 12th day postburn groups treated
with AV compared with non treated groups (Tables 2 and 3).

Discussion

After 4 days from inducing FT skin burn, there was coagulative
necrosis which is healed by GT appeared at base of the burnt
area. On 8th and until 12th day from inducing the FT skin burn,
the vascularity of the GT is increased by appearance of
more NFC together with deposition of more collagen rather
that inflammatory cells. These results were in agreement
with previous studies [7,29]. Fibroblasts were always the
By α-SMA immunostain, in the 4 and 8 days burn per se group, predominant CT cells in the GT regardless the stage of healing.
skin sections showed progressive increase in the α-SMA The core function of fibroblasts is the formation of collagen,
expression in the pericytes surrounding the immature variable which is a supportive protein that responsible for the skin
size NFC in the GT. This expression become less detected to be firm [21]. Therefore, these non-inflammatory BMDCs
on 12th day sections postburn per se. The immaturity of NFC are essential for homeostasis and healing of the skin [30].
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Table 2. Average vascular areas in different groups. Average
vascular areas/1000 μm2.

*

B

E

FT Burn per se

FT Burn+AV

4d

42±4

48±3*

8d

71±5

78±2*

12d

87±4

96±1*

Significant difference between the means of all the groups (p<0.05).

Table 3. Average vascular numbers (densities) in different
groups/mm2.
FT Burn per se

FT Burn+AV

4d

86±4

94±2*

8d

154±6

168±3*

12d

189±6

197±5*

Significant difference between the means of all the groups (p<0.05).

*

C

F

Figure 4. Photomicrographs of α-SMA immune-stained
(x1000) sections.
(A) A section in thin skin 4 days post burn showing increased
number of immature multilayered NFC with strong positive
α-SMA-stained pericytes (arrows). (α-SMA immunostaining,
x1000, Scale bar=50 μm). (B) A section in thin skin 4 days
post burn treated with AV showing immature variable size
NFC made up of two rows of cells: internal negative α-SMAstained endothelial cell (arrowheads) and external positive
α-SMA-stained pericytes (arrows) surrounding the lumen
which appears partially obliterated in some and fully canalized
in others. (α-SMA immunostaining, x1000, Scale bar=50 μm).
(C) A section in thin skin 8 days post burn showing increased
density of the immature variable-sized NFC surrounded by
positive α-SMA-stained pericytes (arrows). Blood vessels
sometimes appear as partially erupted cord (arrowheads) and
occasionally acquire more layers to form a larger vessel (V).
(α-SMA immunostaining, x1000, Scale bar=50 μm).
(D) A section in thin skin 8 days post burn treated with
AV showing more mature NFC with patent lumen lined
by negative α-SMA-stained endothelium (arrowheads)
surrounded by moderately positive α-SMA-stained pericytes
(arrows). (α-SMA immunostaining, x1000, Scale bar=50 μm).
(E) A section in thin skin 12 days post burn showing two
NFC; one shows a moderately positiveα-SMA expression
(arrows)while in the other no α-SMA expression could be
detected (arrowheads). (α-SMA immunostaining, x1000,
Scale bar=50 μm). (F) A section in thin skin 12 days post burn
treated with AV showing more mature NFC with negative
α-SMA immunostaining in most of the pericytes (arrows).
(α-SMA immunostaining, x1000, Scale bar=50 μm).

Moreover, fibroblasts crosstalk with monocytes/macrophages
that infiltrate the site of injury and orchestrate the healing
process and tissue repair. Monocytes dynamically react with
selected extracellular matrix (ECM) components secreted by
the fibroblasts. In addition, monocytes decreased fibroblast
interleukin (IL)-1α and transforming growth factor-alpha
(TGF)-α, however they highly increased fibroblast matrix
metalloproteinase (MMP)-2 and granulocyte-macrophage
colony-stimulating factor (GM-CSF) [31].
In this study, there was heavy infiltration mononuclear
inflammatory cells especially initially after 4 days of inducing
the burn which became milder later, when the GT acquired
collagen rather than inflammatory cells. This was in agreement
with other researchers [2], who claimed that macrophages
initially increased by about 3 folds, then decreased gradually
with maturation of the GT. Monocytes/macrophages are crucial
regulatory inflammatory cells as well as the immediate arm
of the innate immunity [32-34], therefore their influx into the
tissue plays a critical role in the healing process. In addition,
it was demonstrated that depletion of macrophages in early
inflammatory phase of the healing, significantly reduced GT
formation [35].
In the present study, there was significant progressive
increase in the number as well as area of NFC. Macrophages,
which are also BMDC, secrete proangiogenic cytokines, ECMremodeling proteases and provide physical support to the
growing NFC [6,36]. Therefore, they could be responsible
for the increased angiogenesis more than 10 % in severe
inflammatory reactions as in FT burns [2]. This may explain
the significant increase in the vascularity from 4th to 12th in this
study and its induction by the severity of the inflammation
especially in the early reparatory phase of the burn healing.
In this experiment, in the 4 days burn per se group, skin
sections showed α-SMA positive expression in the pericytes
surrounding the immature variable size NFC in the GT. Then
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after 8 days from inducing the burn there was increase of
the α-SMA expression in the pericytes. This might indicate
increased immaturity of the NFC till 8 days post burn, then
became less detected 12 days post burn specimens. These
results were in agreement with previous studies [7] which
demonstrated that during the process of angiogenesis, there
was an intimate relationship between pericytes (α-SMApositive) and endothelial cells. These BMDCs, stimulated
by PDGFR (platelet-derived growth factor receptors)-β, can
promote mechanical support and signaling to maintain the
NFC by direct interaction with endothelial cells [6]. Moreover,
they could transdifferentiate into other mesenchymal cell
types, including fibroblasts, smooth muscle cells or even
osteoblasts. Furthermore, the increased expression of these
α-SMA-positive investing pericytes could mediates sprouting
as well as remodeling new vessels [37]. This might explain how
essential the abundant expression of these α-SMA-positive
progenitor cells specially early in 4th to 8th day post-burn rather
than 12th day post-burn as they might transdifferentiate into
a rather mature clone of cells in the wall of the vessel.
In skin sections of 4, 8 and 12 days skin burn treated with
AV there were a significantly less inflammatory cells infiltrate in
the GT compared with 4, 8 and 12 skin burn per se specimens
respectively. These might be attributed to the potentially
significant anti-inflammatory effect of AV [12-14]. Other
researchers reported that in addition to its anti-inflammatory
effect, AV acts as immunomodulator as well as scavenger of
free radicals [38]. Moreover, previous studies demonstrated
that AV inhibited the cyclooxygenase pathway and reduced
prostaglandin E2 which might be attributed to an anti-inflammatory compound called C-glucosyl chromone isolated
from AV [38,39]. In addition, recent studies suggest that a
bradykinase isolated from AV could break down bradykinin, an
inflammatory substance that induces pain and inflammation
[21] and this might disclose the mechanisms by which AV acts
as anti-inflammatory.
The collagen fibers in skin sections of 4 , 8 and 12 days
skin burn treated with AV there were less dense, thinner
and more remodeled compared with 4, 8 and 12 skin burn
per se specimens respectively. This was in agreement with
previous studies, which postulated that AV induced more
rapid maturation of collagen [40]. Some researchers attributed
this action to glucomannan, a mannose-rich polysaccharide
[41,42]. On the other hand, other researchers claimed that
gibberellin, a growth hormone, interacts with receptor on the
fibroblasts, thereby stimulating its activity and proliferation,
which in turn accelerated collagen synthesis after topical or
oral application of AV [43]. Other studies suggest that AV is
an inhibitor of collagenase which might be responsible for
the better remodeled collagen in the AV-treated groups [38].
In the present study, in skin sections of 4, 8 and 12 days
treated with AV there were gradual decrease in α-SMA expression together with gradual significant increase in density and
area as well as the maturity of NFC compared with specimens

doi: 10.7243/2055-091X-2-3
of 4, 8 and 12 d skin burn without AV resp-ectively. This
was in concurrence with other researchers who postulated
that AV improved healing by increasing angiogenesis and
thereby oxygenation [44,45]. This could be attributed to
acemannan, a polysaccharide in AV, which was shown to
activate macrophages, an effect that improved healing in a rat
model [46,47]. In addition, it was reported that AV stimulated
blood vessel formation in the vascular chorioallantoic
membrane in chicken by a glycoprotein which could promote
the stimulation of endothelial cells proliferation in vitro and
induced them to interact with collagen [48]. However, other
studies postulated that AV reduced both the vascularity and
mast cells number of inflamed synovial membrane to about
the half [49].
Therefore, the neovascularization effect of AV might be
multifactorial from tissue to other, affected not only by the
hypoxia but also by the cellular interactions and molecular
alterations promoted by the injury.

Conclusion

In full-thickness skin burn, aloe vera shows a beneficial effect
by reducing the inflammation significantly and providing
a more mature granulation tissue which could accelerate
healing and might produce a sound well-remodeled scar.
Based on the significantly positive results of this study, it is
recommended to carry out further experimental research as
well as clinical trials to standardize aloe vera as a biological
treatment in skin burn.
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